Studies investigating the association between the intron 16 insertion/deletion (I/D) polymorphism (rs4646994) in the angiotensin-converting enzyme (ACE) gene and risk of intracerebral hemorrhage (ICH) have reported conflicting results. We here performed a meta-analysis based on the evidence currently available from the literature to make a more precise estimation of this relationship. Published literature from the National Library of Medline and Embase databases were retrieved. Odds ratios (OR) and 95% confidence limits (CLs) were calculated in fixed-or random-effects models when appropriate. Subgroup analyses were performed by race. This meta-analysis included six case-control studies, which included 744 ICH cases and 1411 controls. The combined results based on all studies showed that ICH cases had a significantly lower frequency of ID genotype (OR (codominant model) = 0.43, 95% CL = 0.22, 0.84, p = 0.01). In the subgroup analysis by race, we found that ICH cases had a significantly lower frequency of II genotype in Asians (OR (recessive model) = 0.50, 95% CL = 0.38, 0.66, p < 0.001; OR (codominant model) = 0.25, 95% CL = 0.09, 0.71, p = 0.009). In conclusion, our meta-analysis suggests that ACE I/D polymorphisms are associated with ICH, especially in Asians.
Introduction
Spontaneous intracerebral hemorrhage (ICH) represents about 15% of all strokes and is associated with a three-month mortality of approximately 25%. [1] [2] [3] ICH may occur because of hypertension, 4 vascular malformation, 5 cerebral amyloid angiopathy, 6 trauma and coagulopathy. 7, 8 There is evidence for a role of genetic factors in the development of ICH. 9, 10 Hypertension is an important cause of ganglionic, pontine, cerebellar and lobar hemorrhages and can as well be the cause of lobar hemorrhage. The renin-angiotensin-aldosterone system (RAAS) is essential to cardiovascular hemodynamics and plays an important role in development of hypertension and cerebrovascular diseases (CVDs). Angiotensinconverting enzyme (ACE) is an important circulating enzyme in the RAAS, which catalyzes the conversion of angiotensin I to angiotensin II and degrades bradykinin. An Alu insertion/ deletion (I/D) polymorphism (rs4646994) in intron 16 of the ACE gene is strongly correlated with ACE levels. 11 Subjects with the DD genotype have higher plasma ACE activity compared with those with the ID and II genotypes. 11, 12 The ACE I/D polymorphisms have therefore been extensively studied in several adult CVDs, such as ischemic stroke, 13 coronary heart disease 14 and renal disease. [15] [16] [17] [18] Over the past decade, a number of case-control studies have been conducted to clarify the association between ACE I/D polymorphisms and risk of ICH. However, previous studies investigating the association have reported conflicting results. We here performed a meta-analysis based on the evidence currently available from the literature to make a more precise estimation of this relationship.
Materials and methods

Literature search strategy
We searched the following electronic databases: Pub-Med (1950 to December 2012) and Embase (1950 to December 2012). The following keywords were used: "cerebral" or "intracerebral" or "intracranial," "hemorrhage," "angiotensin-converting enzyme" or "ACE," "polymorphism" or "allele" or "genetic variant" or "variants." The search was conducted without limitation on language. The reference lists of the selected papers were screened by hand for potentially relevant new articles. If studies had partially overlapping subjects, the latest sample size was selected for the analysis. If necessary, we attempted to contact the corresponding authors of retrieved articles to request additional information.
Inclusion and exclusion criteria
The following criteria were used to include published studies: (i) independent epidemiological studies (for humans only); (ii) a clear description of ACE I/D polymorphism in ICH cases and controls; and (iii) sufficient genotype data presented to calculate the ORs and 95% CLs. Major reasons for exclusion of studies were (i) no controls; (ii) not an original paper (e.g. review or letter); or (iii) duplicate publications.
Data extraction
Data extraction was independently performed by two investigators (Huang Y and Li G), and discrepancies were resolved by consensus including a third investigator (Huang CZ). The following data were extracted: the last name of the first author, publication year, country, study design, genotyping method, sample size and the results of studies.
Statistical analysis
The Mantel-Haenszel method for fixed effects and the Der-Simonian-Laird method for random effects were used to estimate pooled odds ratio (OR) and corresponding 95 percent confidence limits (CL). Hardy-Weinberg equilibrium (HWE) was assessed by Fisher's exact test, and p < 0.05 was considered as significant disequilibrium. We used fixed-effects methods if the result of the Q test was not significant. Otherwise, we calculated pooled estimates and CL assuming a random-effects model. Also, subgroup analyses were performed on the basis of race. In this study, p < 0.05 was considered statistically significant, and all statistical tests were two sided. Publication bias was assessed by visual inspection of funnel plots, the Begg's rank correlation method and the Egger's weighted regression method. All analyses were conducted using Stata 11.0 (Stata-Corp LP, College Station, TX, USA).
Results
Study characteristics
Our initial search identified 98 studies according to the search words. Through the step of screening the title and abstracts, 83 articles were excluded, leaving 15 articles for full publication review. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Of these, nine were excluded. [25] [26] [27] [28] [29] [30] [31] [32] [33] Finally, a total of six studies were included in our meta-analysis, which included 744 ICH cases and 1411 controls. [19] [20] [21] [22] [23] [24] Study characteristics are summarized in Table 1 . Of those, one study included population-based case-control studies, and five studies included hospitalbased case-control studies. Studies were conducted in Denmark, Poland, India and China. Types of patients were distributed as follows: ICH, spontaneous ICH, primary spontaneous ICH, spontaneous deep ICH, and aneurysmal subarachnoid hemorrhage. The genotype distributions among the controls of all studies were consistent with HWE ( Table 2 ).
Quantitative synthesis
The combined results based on all studies showed that ICH cases had a significantly lower frequency of ID genotype (OR (codominant model) = 0.43, 95% CL = 0.22, 0.84, p = 0.01) ( Table 3 ) ( Figure 1 ). In the subgroup analysis by race, we found that ICH cases had a significantly lower frequency of II genotype in Asians (OR (recessive model) = 0.50, 95% CL = 0.38, 0.65, p < 0.001 ( Figure 2) ; OR (codominant model) = 0.25, 95% CL = 0.09, 0.71, p = 0.009 (Figure 3) ) ( Table 3 ).
Heterogeneity analysis and publication bias
Statistical heterogeneity was found among studies in overall comparisons by using the Q statistic (p < 0.001) ( Table  3 ). Publication bias was not found by the Begg's rank correlation method (p = 0.71) ( Figure 4) or Egger weighted regression method (p = 0.77) ( Figure 5 ).
Discussion
To the best of our knowledge, this is the first meta-analysis of the comprehensive assessment for the relationship between ACE I/D polymorphism and the risk of ICH. Our meta-analysis of six studies, including 744 ICH cases and 1411 controls, explored the association between the I/D polymorphism of the ACE gene and ICH risk. We found that ICH cases had a significantly lower frequency of ID genotype. In the subgroup analysis by race, we found that ICH cases had a significantly lower frequency of II genotype in Asians. Although statistical heterogeneity was found among studies in overall comparisons, our metaanalysis suggests that ACE I/D polymorphisms are associated with ICH, especially in Asians. There is evidence for a role of genetic factors in the development of ICH. Studies investigating the association between genetic polymorphisms and ICH risk are being reported with rapidly increasing frequency. A case-control study suggested that the apolipoprotein E genotype was associated with the risk of ICH in Chinese Han patients. 9 Another case-control study suggested that the COL1A2 rs42524 polymorphism could be a genetic risk factor for primary ICH among Han Chinese. 34 The case-control study suggested that protein kinase Ceta 1425G/A polymorphism was associated with lobar ICH. 10 Another case-control study suggested that the −858AA genotype of plateletderived growth factor-D was probably associated with risk for non-hypertensive ICH. 35 The case-control study suggested that the synonymous single nucleotide polymorphisms (SNPs) rs2228048 of TGFBR2 gene may be associated with development of ICH in a Korean population. 36 A study suggested that the promoter SNP rs17222919 of ALOX5AP may be associated with the development of ICH in a Korean population. 37 The mechanism by which the ACE I/D polymorphism affects ICH risk is currently unclear. The ACE I/D polymorphism is strongly associated with plasma and cellular ACE levels, and it indicates that the polymorphism may modulate the expression of the ACE gene. 11, 38 Many studies found that DD genotypes and the D allele of the ACE gene were strongly associated with hypertension in different populations. [39] [40] [41] [42] [43] [44] [45] [46] Hypertension is an important cause of ganglionic, pontine, cerebellar and lobar hemorrhages and can as well be the cause of lobar hemorrhage. The ACE I/D polymorphisms have also been extensively studied in several other CVDs. A meta-analysis of 46 studies (5215 cases and 4782 controls) indicated a significant association between ACE I/D polymorphism and coronary heart disease susceptibility among the Chinese population. 14 A meta-analysis of 12 studies suggested that the ACE I/D polymorphism was associated with vasculitis susceptibility, especially in Behcet's disease and Henoch-Schenlein purpura. 47 A meta-analysis of 38 studies supported the hypothesis that the enhanced ACE activity associated with the D allele was associated with higher left ventricular mass. 48 Some limitations of our meta-analysis should be mentioned. First, relatively small sample size and significant heterogeneity among studies in overall comparisons were observed in the meta-analysis of the ACE I/D polymorphism and ICH. Second, the type of the patients was distributed as follows: ICH, spontaneous ICH, primary spontaneous ICH, spontaneous deep ICH, and aneurysmal subarachnoid hemorrhage. Thus, it may have masked associations in certain clinical subgroups. Third, because of the lack of individual patient data, we could not perform an adjustment estimate. In spite of these limitations, our metaanalysis also had some advantages. First, a comprehensive searching strategy based on computer-assisted and manual searching allowed the eligible studies to be included as extensively as possible. Second, no publication bias was found, which leads to a possibly robust result.
In conclusion, the present meta-analysis suggests that ACE I/D polymorphisms are associated with ICH, especially in Asians. Moreover, additional longitudinal studies examining gene-gene or gene-environment interactions, as well as studies seeking to provide biological or clinical confirmation of our results, are needed.
